INTRODUCTION {#sec1-1}
============

Myoclonus is a clinical term meaning a sudden and quick involuntary muscle jerk irregular or rhythmic arising in the central nervous system. The survivors of the cardiac arrest may develop neurological complications, such as posthypoxic myoclonus (PHM). Two types of PHM can occur in patients with hypoxic injury of the brain: the acute and the chronic. The acute PHM, termed posthypoxic myoclonic status epilepticus (MSE), occurs soon after a hypoxic insult and is characterized by generalized myoclonic jerks in patients who are deeply comatose,\[[@ref1]\] which implies a poor prognosis.

MSE predicts death or permanent vegetative state in more than 90% of survivors.\[[@ref2]\] However, MSE can be confused with chronic post hypoxic myoclonus (LAS)\[[@ref3]\] in patients with persistent coma who are receiving sedation.

LAS is a distinct entity that may appear after a period of cerebral hypoxia typically respiratory arrest like in the context of an acute asthmatic attack. After recovery of consciousness, such patients exhibit muscle jerks affecting face trunk limbs often provoked by sensory stimuli and strikingly elicited by the willed voluntary action. We present here a patient who was diagnosed as having Lance--Adams syndrome after resuscitation from cardio respiratory arrest.

CASE REPORT {#sec1-2}
===========

A 32-year-old patient developed cardio respiratory arrest due to overdose of sedation (midazolam and butorphanol) under spinal anesthesia during surgery for left renal calculus removal. The patient developed severe bradycardia and cyanosis. His pulse rate decreased to 24/min and oxygen saturation dropped to 20%. The patient was intubated, ventilated, and resuscitated. Patient attained normal sinus rhythm and 100% saturation after 5 min of respiratory arrest. The patient\'s pupils were dilated (due to atropine given during resuscitation) but were reacting to light and he was breathing spontaneously. He was not obeying commands and his motor response to pain was extensor. Patient was shifted to ICU and was electively ventilated with 100% oxygen for 72 h with atracurium and propofol infusion. At 72 h his clinical neurological status was assessed. His pupils were normal sized and reacting to light, corneal reflex was present, gag reflex was present, and spontaneous eye opening was present. He had flexor response to pain. Oculocephalicreflex was present but he was not obeying commands. He was dazed, not oriented to time and space. On the fifth day he developed myoclonic jerks involving the face and the limbs. These lasted for 30 s to 1 min and were increased with sound or when the patient was asked to move the limbs. Patient was given midazolam infusion. Patient also received injection phenytoin sodium 1000 mg as loading dose and 100 mg tds as maintenance dose. We found difficulty in weaning off the patient from ventilator due to his lower respiratory tract infection and so a tracheostomy was planned on the seventh postoperative day. By the 12^th^ day he was off ventilator, breathing spontaneously but he was not obeying commands, and his myoclonic jerks persisted. Midazolam infusion was discontinued, but maintenance doses of phenytoin were continued. The CT scan and MRI were normal. The patient was started on injection Nootropil (Piracetam) 8 gm twice daily as patient was not taking orally. Patient started responding to verbal commands and recognized his family and friends by the end of second week. His myoclonic jerks had almost vanished. By the 20^th^ day his tracheostomy was closed. He started taking liquids orally and could sit on a wheelchair without support. He was given piracetam 800 mg tds and phenytoin 100 mg tds orally. By the next week he was able to walk with support and was answering wisely in short sentences. His ataxia and dysarthria reduced. He had regained full power in both arms and legs and was discharged on the 30^th^ day.

DISCUSSION {#sec1-3}
==========

The most common aetiologies' of hypoxia are respiratory arrest (especially in asthmatic), anesthetic and surgical accidents, cardiac diseases, and drug overdose.\[[@ref4]\] Most of these cases of respiratory arrest due to anesthetic and surgical accidents go unreported because of its medico legal implications. Our patients' respiratory arrest was because of anesthetic/surgical accident that led to the development of Chronic PHM/LAS after 5 days. It is possible that our patient like survivors of profound hypoxic episodes had some on-going systemic perfusion during the collapse that would have supplied small but vital amounts of oxygen to the brain during this critical period. The mechanism of the possible cerebral protective effect during hypoxia is unknown, although in the absence of cardiac arrest, hypoxia is associated with an increase in cerebral blood flow thereby maintaining oxygen delivery, and possibly removing metabolic waste products such as free radicals that may cause cerebral damage. The patient may have had a circulation that was difficult to detect because of the bradycardia. So after resuscitation his pupils were reacting to light and he was breathing spontaneously. After 72 h when our patient did not obey commands we assumed that he had developed a vegetative state that indicated a bad prognosis. In the vegetative state, the basic brain functions of breathing spontaneously, maintaining the heartbeat and blood pressure, digesting food and producing urine all continue. However, even though there may still be a cycle of sleeping and waking and the eyes may open spontaneously, there is no real evidence of consciousness in any meaningful sense and no response to what is going on in the environment. Although we later realized that residual effect of sedation was the reason for him being unaware of his surroundings. On the fifth day the effects of sedation had weaned off and our patient developed involuntary as well as voluntary myoclonic jerks. They were spontaneous as well as when asked to move the particular limb. This put us in a dilemma whether they indicated a good or bad prognosis. We misinterpreted this as acute PHM (MSE).

The jerks in acute PHM begin typically within the first 24 h after hypoxia and often are characterized by violent flexion movements. When they persist for more than 30 min or occur for most of the first post resuscitation day, some term the abnormal movements, myoclonic status epilepticus (MSE), despite the lack of definitive evidence that these movements represent epileptic activity. MSE is difficult to control and associated with a poor prognosis. In the largest published series of posthypoxic MSE, Wijdicks and colleagues found that all 40 patients had intermittent generalized myoclonus involving both face and limb muscles. Stimuli, such as touch, tracheal suctioning, and loud handclaps, triggered myoclonic jerks in most of the patients. None of the 40 patients who had acute post hypoxic MSE awakened, improved in motor response, or survived.\[[@ref2]\] In another review of 18 patients who had posthypoxic MSE, 14 patients died within 2 weeks and the two patients who survived were left with profound disability.\[[@ref5]\] A meta-analysis of patients who had posthypoxic MSE paints a similarly grim picture: Of 134 pooled cases, 119 (88.8%) died, 11 (8.2%) remained in a persistent vegetative state, and 4 (3.0%) survived. Of the four patients who survived, two were described as having a good outcome.\[[@ref5]\] In 1963, Lance and Adams described four patients who developed severe myoclonus after surviving cardiac arrest.\[[@ref3]\] These patients initially developed a generalized myoclonus accompanied by dysmetria, dysarthria, and ataxia. Over time, the myoclonus persisted but its character changed to a predominantly action myoclonus involving the limbs. Lance and Adams hypothesized that this particular constellation of symptoms observed after cardiac arrest was the result of cerebral hypoxia.\[[@ref3]\] Since this initial description, more than 40 years ago, less than 150 patients who have had PHM have been reported in the medical literature,\[[@ref6][@ref7]\] many of whom suffered hypoxia from cardiac arrest.

Chronic PHM, also known as Lance-Adams syndrome, typically occurs within a few days to a few weeks after hypoxic injury. In a series of 14 patients who had chronic PHM, all but one was noted to have the onset of myoclonus while still in coma.\[[@ref6]\] The myoclonus has several characteristic features. Patients have an action myoclonus involving predominantly the limbs. Signs associated: Epilepsy (30%), dysarthria (30%), and gait disturbance (70%).\[[@ref8]\]

Myoclonic jerks commonly appear immediately on attempting to move or position a limb and occasionally spread to other portions of the body. The jerks generally disappear with relaxation of the limb. The precision of the motor task seems to be proportional to the severity of myoclonus, making everyday tasks, such as bringing a cup to the mouth or grasping a small object, extremely difficult.\[[@ref3][@ref7][@ref9]\] In addition, the myoclonus of chronic PHM has several other distinctive characteristics. In their series of 14 patients, Werhahn and colleagues report that 11 had stimulus --sensitive myoclonus.\[[@ref6]\] Negative myoclonic jerks also contribute significantly to morbidity in patients who have chronic PHM. Postural lapses resulting from negative myoclonus predispose patients to frequent falls and often result in patients being confined to wheelchairs.\[[@ref9]\]

Chronic PHM is a syndrome with diverse clinical, electrophysiological, and neurochemical abnormalities,\[[@ref1][@ref9]\] and the path physiology is unclear. Anatomo-pathological study in two cases of PHM revealed diffuse neuronal degeneration in the neurons of the cortex, thalamus and subthalamic nuclei supporting Lance-Adams who stated that the myoclonus might be the result of repetitive firing of thalamocortical fibers mainly from the ventrolateral nucleus that is the principle relay nucleus from the cerebellum to the sensorimotor cortex.\[[@ref3]\] In an experimental study in rats, it was demonstrated that global cerebral ischemia caused Purkinje cell death in the vermis. The loss of GABAergic inhibition in the fastigial nucleus after ischemia leads to diaschisis of the motor thalamus and the reticular formation that in turn is responsible for enhanced motor excitability and myoclonus.\[[@ref10]\] It has also been reported that abnormalities within the serotonergicsystem may play a role.\[[@ref11]\]

The patient in our review did not have myoclonic status epilepticus. He had developed Lance-Adams syndrome. LAS has a very different prognosis from myoclonic status epilepticus.\[[@ref3]\] The distinguishing features of these two conditions are discussed in the following and summarized in the [Table 1](#T1){ref-type="table"}.

###### 

Distinguishing features of myoclonic status epilepticus and Lance--Adams syndrome

![](AER-6-218-g001)

The single most important distinguishing feature between the two is the presence or the absence of coma. Coma is a prerequisite for the diagnosis of myoclonic status epilepticus. In contrast, patients with Lance--Adams syndrome are aware; however, the presence of sedation, as in this case, may mask awareness.

In 2006, the American Academy of Neurology (AAN) produced evidence-based practice guidelines on the prediction of neurological outcome after cardiopulmonary resuscitation.\[[@ref2]\] The data obtained by careful neurological exam, electrophysiological studies, and biochemical markers are most predictive of the outcome (see in the following). Other factors not strongly predictive of outcome include: Age, sex, cause of arrest, type of arrhythmia, total arrest time, duration of CPR, geographic location of arrest, elevated body temperature, elevated intracranial pressure, concurrent respiratory failure, and brain imaging findings.\[[@ref2][@ref12][@ref13][@ref14]\] The data in the following assume patients are not receiving medications that would significantly confound their neurologic examination such as high-dose barbiturates. The indicators of poor outcome are summarized in [Table 2](#T2){ref-type="table"}.

###### 

Indicators of poor outcome

![](AER-6-218-g002)

The prognostic ability of median nerve short latency somato-sensory evoked potentials does not seem to be affected by therapeutic hypothermia. Decreasing levels of serum NSE after therapeutic hypothermia may indicate selective attenuation of delayed neuronal death in victims of cardiac arrest.

There are reports of good neurological recoveries in patients with MSE who were treated with hypothermia.\[[@ref15]\] Our patient had pupilary, corneal, gag, and occulo-cephalic reflex at 72 h. He also had spontaneous eye opening and flexor response to pain. He was not obeying commands due to effect of residual sedation. All these indicated a good prognosis for our patient.

Treatment of myoclonic jerks in acute PHM is difficult and of questionable usefulness, particularly in the setting of posthypoxic MSE. Multiple medications often are used, the most common of which are phenytoin, valproate, and benzodiazepines. In one study of 18 patients who had post hypoxic MSE, 13 patients required intravenous anesthesetic agents, including propofol and midazolam.\[[@ref5]\] Despite aggressive treatment of the myoclonic jerks, poor prognosis resulting from the severity of underlying brain injury is the rule rather than the exception.

A number of different drugs have been used for the symptomatic control of chronic PHM are detailed in [Table 3](#T3){ref-type="table"}.

###### 

Drugs used for the symptomatic control of chronic PHM

![](AER-6-218-g003)

Our patient was treated with piracetam. His myoclonic jerks disappeared with piracetam. His ataxia and dysarthriawere negligible by one month at the time of discharge.

Good improvement within the first month after an anoxic episode suggests that the outcome may be more favorable. The most rapid recovery is usually in the first 6 months, and by about one year the likely long-term outcome will have become clearer. However, improvement may continue for much longer after brain injury, certainly for several years, although the steps may become more modest and gradual after the first few months. Adequate rehabilitation from the earliest possible stage is vital in order to achieve the best outcome.

CONCLUSION {#sec1-4}
==========

Any patient who has cardiac arrest due to respiratory cause has better prognosis. To distinguish between MSE and LAS is very important as they have significant difference in prognosis and management. The patients' neurological status should be reassessed after the effect of sedation has withered off. With the advent of hypothermia the current indicators of poor prognosis of neurological outcome need revision. All patients who have hypoxic episode lasting more than 5 min should always be given the benefit of hypothermia as it has shown remarkable improvement in neurological outcomes after cardiac arrest.
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